Morphologically specialized soldiers occur in more than 50 aphid species in the families Pemphigidae and Hormaphididae. To study the effectiveness of soldiers of the gall-forming aphid, Pemphigus spyrothecae Pass., in protecting their galls against natural levels of predation, we manipulated the proportions of soldiers and non-soldiers in sets of galls still attached to poplar trees in the field. Galls with 50 soldiers and 50 non-soldiers were approximately 10 times less likely to be attacked by predators than galls that contained 100 non-soldier aphids. There were significantly fewer live aphids, and significantly more dead aphids, in galls without soldiers than in galls protected either by soldiers or by being within a bag. There were no significant differences in the survival of aphids in galls protected by soldiers compared with those protected by bagging. The soldiers did not protect the galls against invasion by the cohabiting aphid Chaitophorus leucomelas Koch. These observations provide the first demonstration that soldiers are effective in defence against natural levels of predation under field conditions.
Communal defence against predators and parasites is one of the most commonly invoked factors favouring the evolution of cooperative behaviour in animals (e.g. Alexander et al. 1991; Bourke 1997) . However, morphologically specialized warrior castes are rare in social animals and are found only in termites, several genera of ants and two families of aphids (Choe & Crespi 1997) . There are very few experimental studies of the effectiveness of soldiers in any of these animals, although it is generally accepted that the highly specialized soldiers in ants and termites can effectively protect their colonies. Because aphids are generally perceived as being weak and defenceless, and also because the soldiers (unlike those of ants and termites) are first instars and therefore the smallest possible life-history stage, it has been difficult to convince people that they are actually capable of effectively defending their colonies. Aoki (1977) , in the original description of a soldier aphid, Colophina clematis, did show that soldiers could kill predators and there have been further laboratory demonstrations since then (summarized by Stern & Foster 1996) .
Our aim in this paper is to demonstrate experimentally that aphid soldiers can effectively protect their colonies against predation under field conditions. It is important to establish this point, since all previous experimental studies of predation of soldier-producing aphids have either used predators that are not natural predators of the particular species or have presented natural predators to the galls in relatively artificial ways (reviewed in Stern & Foster 1996 , 1997 . In this paper, we look in detail at the aphid Pemphigus spyrothecae, which makes spiral leaf galls on the leaf petioles of Populus nigra L. It has previously been shown in laboratory experiments that the soldiers can kill natural predators and prevent them from entering the galls (Foster 1990) . Pemphigus spyrothecae, unlike most Pemphigus species, is non-host-alternating, spending its entire life-cycle on the primary host P. nigra (see Foster & Northcott (1994) for a description of the lifecycle).
METHODS
We carried out experiments on a row of mature P. nigra var. italica at a site in Cambridge, U.K. 
